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Abstract 
The accelerator-based pulsed neutron radiography has an advantage to analyze the neutron energy dependent image 
by time-of-flight (TOF) technique. One of the novel imaging devices is the neutron image intensifier, and for the 
usage at the pulsed source the high speed camera is used for recording. Recently, the vacuum type image intensifier 
with a shutter function has been developed. It has the timing gate of converging lens, and the gate works on a suitable 
timing in the neutron single pulse. In this procedure the most part of the neutron pulse is wasted, but this combination 
of the blanking image intensifier and the normal speed camera is the primary stage for improving the system, because 
it can use full sensor ability. We applied the system to the Bragg edge radiography of Fe, and confirmed the function 
worked well at the Hokkaido University compact source. 
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1. Introduction 
Neutron Bragg edge transmission measurement with a pulsed neutron source is one of the major 
applications of TOF radiography [1, 2]. Because the Bragg edge positions are different dependent on each 
material, it can give information on the crystal structure and texture of materials. We can make their their 
positions as the contrast difference in the transmission image. For obtaining a neutron transmission 
image, one of the choices of detectors to obtain higher spatial resolution is a vacuum tube type image 
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intensifier [3]. It has an input window with a boron or gadolinium compound film, which converts the 
initial neutron to electrons, and an output fluorescent screen, which projects the converted electron image. 
The electrons are accelerated between the input and output screens and converged by electromagnetic 
lenses inside the vacuum tube. The projected image is recorded by a digital CCD or CMOS camera. The 
typical spatial resolution of such instrument is under 0.1 mm, which has the good advantage against the 
normal counting type detectors. In the application of such image intensifier toward the time-of-flight 
(TOF) measurement of neutrons, there are two ways for the time resolving technique. One is to use a high 
speed camera. It meets the start of shutter series with the neutron pulse occurrence through the accelerator 
trigger event. The neutron TOF spectrum is recorded as the series of integrated brightness of the number 
of neutron pulses. The higher time resolution under 100 micro sec is generally needed for the Bragg edge 
measurement, and then the camera sensor needs very high sensitivity even at the intense neutron source. 
On the other hand, the vacuum type image intensifier with a shutter function can be applicable to the TOF 
measurement. Such a device has a timing gate on its converging lens, and the gate works to produce an 
image at a specific time relative to each neutron pulse. We call such type of image intensifier the 
“blanking type”. The advantage of using a blanking type image intensifier is that it can use  normal speed 
photo sensors. The shutter is continuously opened to record the neutron pulse repetition for the specific 
time within the neutron frame controlled by the blanking sequence. This operating scheme is shown in 
figure 1. In the procedure the majority of the neutron pulse is wasted, but this combination of the blanking 
image intensifier and the normal speed camera is useful for future development to use selective energy 
neutrons, because it can use full sensor ability. Therefore, we tested the blanking type neutron image 
intensifier (BNII) combined with the high spatial resolution camera to evaluate the suitability between the 
imaging system and the pulsed neutron source. For the purpose we carried out the time sliced neutron 
imaging with the system and analyzed the obtained image to make the Bragg-edge emphasized image for 
material separation.  
Fig. 1. Trigger timing of blanking-type neutron image intensifier system. 
2. Experimental 
The experimental neutron beam line was at Hokkaido University neutron source (HUNS) using 45-
MeV electron linac. The BNII system was set up on the cold neutron beam line with a solid methane 
moderator. The moderator surface size toward the beam line was 100 mm wide and 100 mm height. The 
BNII system was placed at 3.8 m neutron flight length position, therefore L/D was 38 for the experiment. 
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A schematic diagram of the BNII system is shown in figure 2. The vacuum tube type neutron image 
intensifier with the blanking function was constructed by Toshiba Co. (UltimageTM-n ). It has a 4-inch 
input window, which was coated with thin boron layer. The input window converts incident neutrons into 
an electron pulse, and the electron pulse is accelerated inside the image intensifier to produce a visible 
photon pulse on the output fluorescent screen. The projected image on the output screen is recorded by a 
digital camera. The CMOS camera was selected from the commercially available one, because one of the 
advantages of the system was in the usability of the normal camera. The selected camera was Canon EOS 
series digital reflex camera, which can record the image with maximum 5616 x 3744 pixels. The CMOS 
camera was set off the neutron beam through the image reflection mirror. The shutter speed setting on the 
camera was 30 sec, and we integrated 201 images to make an analyzing image. 
 
Fig. 2. Trigger timing of blanking-type neutron image intensifier system. 
 
 
Fig. 3.Transmission sample. 
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The sample had triple cylindrical shapes of combination of Cu, Fe and polyethylene (PE) rods as 
shown in figure 3. The outer cylinder diameter was 20 mm with 12 mm inner hole diameter, and the 
center rod diameter was 6 mm. For the experiment we made two types of material arrangements of the 
sample, one was Cu as outer cylinder, Fe as middle cylinder and PE as center rod, and the other was Fe as 
outer, Cu as middle and empty as center. 
3. Results and Discussion 
At first we checked the spatial resolution for the neutron source Figure 4 shows the neutron radiogram 
of the ASTM indicator. In the figure we can confirm the 0.025 mm line, but the 0.0125 mm line is only 
slightly shown. It can consider that the 3.8 flight path at the HUNS cold source gives about 0.02 mm 
resolution for the radiogram measurement. We note that the radiogram shows the Pb step shadow. 
Because this was taken with the open shutter condition, the x-ray from the source target affected the 
radiogram. Generally such x-ray is intensive on the short time region, just after the accelerator trigger, in 
TOF neutron spectrum. The longer time the affected radiation is considered as moderated neutron. 
 
Fig. 4. ASTM indicator image taken for the experimental setup.  
Figure 5 shows one of the neutron radiograms obtained BNII system. The gate was open for a 0.5 ms 
interval in each  neutron pulse, and we integrated 300,000 pulses for making the radiogram. The open 
gate TOF timing was from 2 to 2.5 ms. The neutron cross sections for Cu and Fe are shown in figure 6. 
The present gate timing gives small difference between these cross section integrations over the region. 
Therefore, we can't confirm the contrast variations between these two materials in the radiogram.  
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Fig. 5. Sample radiogram between.2 to 2.5 ms time-of-flight  
Fig. 6. Neutron cross sections for Cu and Fe 
 
Fig. 7. Bragg-edge emphasized radiogram  
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Figure 7 shows the Bragg-edge emphasized radiogram. We used the difference of the first Bragg-edge 
region between Cu and Fe for making the result. The used radiograms were 3.5 ~ 4 ms and 4 ~ 4.5 ms 
gate results, and the latter were divided by the former. The measurement pulse number was same with the 
figure 5, but the statistics of the image became worse by the division. However, we can recognize the 
boundaries inside the sample. The integrations of the cross sections for Cu and Fe have larger difference 
in this first Bragg-edge region, certainly the PE rod, too. When we choose the correct gate open timing, 
we can distinguish materials. In the right sample, the contrast between Cu and empty hole is very weak. 
This reason is considered as the effect of the long transmission path around the center position. 
The integrated brightness of the Bragg-edge emphasized image is shown in figure 8. The integration 
was carried out parallel to the sample axis. Then the horizontal axis of the figure corresponds to the pixel 
position. We can distinguish the each part of the samples from this brightness distribution, too. The pixel 
resolution for this experiment could be calculated from the figure using the camera sensor size and 
sample size. This resolution was 0.008 mm/pixel as the result. This resolution means considerably high in 
the neutron TOF imaging devices even in the present stage, and if we use the appropriate optics, we can 
expand the image as larger size.  
Fig. 8. Vertically integrated brightness of the Bragg-edge emphasized image. 
4. Conclusion 
The combination system of the blanking-type neutron image intensifier (BNII) and the high spatial 
resolution camera was evaluated with the accelerator neutron source. This system worked in neutron TOF 
measurement, and we could obtain the time-sliced radiogram with the high spatial resolution. The spatial 
resolution was about 0.008 mm, that was very high among the TOF imaging devices. By the analysis of 
Cu and Fe Bragg-edge region, we successfully obtained the material distribution inside the sample object.  
The advantages of this system are high spatial resolution and wide view, easy operation without the 
camera control, inexpensive running cost with the commercial digital camera. But this have still large 
disadvantage in the operation, that this wastes the almost neutrons. In spite of this, the system is attractive 
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in its spatial resolution, and then we consider the system is tentative in pulsed neutron imaging, but can 
apply to the energy-confirmed imaging. 
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